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ABSTRACT
It is a common practice to apply a tack coat usually in the form of bituminous emulsion over an
existing bituminous surface before laying another bituminous layer. The boundary between these
two consecutive bituminous layers is the layer interface and the pavement stress distribution is
highly influenced by the adhesion conditions at this interface. Poor adhesion causes adverse
effects on the structural strength of the pavement system. A number of premature failures such as
slippage failure and delamination failures result thus defeating the construction objectives. In the
absence of a standard method and apparatus to address this field problem, an attempt has been
made in this study to develop a simple testing arrangement to be used in a laboratory to determine
the interlayer bond strength. Normal Marshall procedure has been used to prepare the specimens
consisting of two different types of bituminous materials in lower and upper part of the same
specimen. It is observed within the scope of study that Cationic rapid setting (CRS-1) emulsion
applied at 0.25 Kg/m2 offers the best results of interlayer bond strength.
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1. INTODUCTION
Highways are considered to be the backbone of a country’s growth and development.
All developed as well as developing countries normally have a continuous program of
sustaining and building road infrastructures. One way to improve the existing road
infrastructure in view of increased traffic is to strengthen the existing bituminous layer
by overlaying with another bituminous layer of appropriate material composition and
thickness. Even in new constructions, the upper bituminous layer is laid much after the
lower bituminous layer is constructed. The boundary between these two consecutive
layers is the layer interface and it is usually believed that, the pavement stress
distribution is highly influenced by the adhesion conditions at the layer interface. Poor
adhesion at layer interface may cause adverse effects on the structural strength of the
pavement system. A number of premature failures such as slippage failure and
delamination failures [2] as shown in Figure1 may take place. This happens due to
improper bonding between the two bituminous layers and the two layers do not act
together in unison. To increase the adhesions between two layers, bitumen emulsion is
normally used as tack coat prior to overlay on an existing or newly constructed
pavement layer. The most vulnerable locations of occurrences of such failure are where
traffic is accelerating or decelerating, such as at traffic signals and on horizontal curves
[8]. For sustainability of the composite bituminous layer structure to face the increased
traffic loads, it is essential to have the maximum interlayer bond strength between the
two layers and this depends on factors like type of emulsion used as tack coat, the
quantity of emulsion applied and test temperature [4, 5]. It has been reported that the
interlayer bond strength between such two layers decreases significantly with increase
in temperature [7]. The main objectives of this work are to fabricate a simple device that
can be used in a laboratory to assess the interlayer bond strength between two
bituminous layers joined by a tack coat and also, explore the best conditions for
developing the bond between two specific bituminous layers in form of rate of
application of emulsions.
Figure 1. Premature failures due to interlayer bond failure
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2. METHODOLOGY AND MATERIALS
2.1 Fabrication of simple laboratory device
There is no standard test set-up and method to determine the inter-layer bond strength
of composite specimen made of two pavement layers. Hence a special and simple device
was fabricated for testing of composite specimens of 101.5 mm diameter and about 100
mm height in the laboratory based on the concept of the Layer-Parallel Direct Shear
(LPDS) developed by the Swiss Federal Laboratories for Material Testing and Research
[6]. This fabricated device as schematically shown in Figure 2(a) can be fitted
appropriately in a beneficial way in the loading frame of the Marshall Test Apparatus.
The photographic view of the entire arrangement is also shown in Figure 2(b). In this
study, the bottom part of the specimen is of about 60 mm height and consists of dense
bituminous macadam (DBM) and upper part of about 40 mm height made of bituminous
concrete (BC). As per this arrangement, the lower part of the specimen is tightly
clamped between the two semicircular plates. The clamped lower part is then placed on
the loading frame and fixed in such a way to the vertical rods that the circular part of
the specimen faces the operator and utmost care is taken to maintain the orthogonally.
Next, the other part of the device which is a semicircular plate fixed to the horizontal
loading plate is kept over the upper part of the specimen so that the latter is guided
freely through the two vertical posts of the loading frame acting as guiding rods. In other
words, the bottom part of the specimen is rigidly fixed at the rear and the upper part is
free and can be loaded to shear off from the lower part at the plane of joint. The load is
applied at a constant rate of deformation of 50.8 mm/min to the specimen at the
interface by means of a yoke, allowing the application of the shear force at the interface. 
Figure 2. Views of fabricated interlayer bond test device
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2.2 Evaluation of interlayer bond strength
It has been assumed in this work that the load applied on the top of the upper part of the
specimen with maximum fixity to the bottom part is transferred to the specimen to cause
shearing in the predefined interface layer. The interlayer bond strength between two
successive bituminous paving layers has been estimated by conducting shear
experiments on cylindrical specimens prepared in the laboratory using the following
expression [5,6]. 
IBS = F
max
/ A (1)
Where IBS = Interlayer bond strength (Kg/cm2)
Fmax = Maximum load required to shear the specimens (Kg)
A = Cross sectional area of the specimen (cm2) = π × R2
R = Radius of specimen (cm)
2.3 Materials used
As stated earlier, for preparation of cylindrical specimens composed of two types of
bituminous layers in the laboratory, with lower layer for dense bituminous macadam
(DBM) mix and upper one for bituminous concrete (BC) mix, aggregates were graded
as per Ministry of Road Transport and Highways (MORTH) specifications [3]
respectively for the 25 mm nominal maximum aggregate size (NMAS) for DBM course
and 13 mm NMAS for BC Binder Course. The specific gravity of aggregates used for
preparing the specimens in laboratory was found to be 2.80. In this investigation
viscosity graded VG 30 bitumen collected from local source was used as binder for
preparation of the specimens. Portland slag cement also collected from local market
which passed 0.075 mm IS sieve, was used as filler in the two types of bituminous mixes
used. Its specific gravity was found to be 3.0. In the present study, for binding the two
different bituminous layers two types of emulsions have been used as tack coats namely,
cationic rapid setting emulsion and (CRS-1) and cationic medium setting emulsion
(CMS-2).  To achieve optimum bond strength within the scope of study, the two types
of emulsions have been tried at different application rates. The physical properties of
CRS-1 and CMS-2 tack coat are given in Table 1.
Table.1 Physical properties of emulsions used as tack coats
Property Test Method Emulsion Type Test Results 
Viscosity by Saybolt Furol Viscometer 
at 500C, seconds 
ASTM D 6934 CRS-1 37 
CMS-2 114 
Residue by evaporation in percentage, 
% 
ASTM D 244 CRS-1 61.3 
CMS-2 67.6 
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2.4 Preparation of specimens
Marshall Test procedure is a very simple and affordable procedure and hence widely
adopted for design of bituminous mixtures. Considering this, the main focus of this
study has been to use this apparatus with a simple attachment of a fabricated device.
Another exception in this study is that unlike in normal Marshall Procedure, a single
test specimen is prepared in two stages using a modified mould where the height of a
fabricated mould is 105 mm. For preparation of one specimen, as first stage, the DBM
layer is prepared for a height of about 60 mm in the laboratory according to the
Marshall Procedure specified in ASTM D1559 [1]. This forms the lower part of the
specimen as per the test programmed. However, the specimen is not allowed to be
extracted and cooled to room temperature, after which a particular tack coat is applied
at a given rate on the top of the DBM surface inside the mould. In this study, these rates
were varied at 0.20, 0.25 and 0.30 Kg/m2. The setting of the tack coat (emulsion) is an
important factor for development of the interface strength. Evaporation of water from
the emulsion leaves a residue which is useful for binding the two layers at the interface.
The setting time has been estimated by visual observation. Immediately after curing of
tack coat, the BC mix is placed over the DBM compacted mix in the mould and
compacted as per normal procedure. As the upper layer made of BC for a compacted
height of about 40 mm and as the same cannot be compacted from both ends, Marshall
blows are given only on the top.  As per usual procedure, when this composite specimen
attains normal room temperature, the specimen can be extracted and is ready for testing
of its bond strength. As the specimens were to be tested at 250C for interlayer bond
strength, these were allowed to cure at 250C in water bath before testing.
3. RESULTS AND DISCUSSIONS
As discussed in the preceding paragraphs, composite specimens have been prepared in a
modified Marshall mould with lower layer made of DBM and upper one with BC layer,
with a tack coat binding the two layers. These specimens have been tested for their bond
strength between these two layers using expression (1) [5,6]. The results of such tests
conducted at 250C are presented in Table 2 and in Figure 3. The shear strength result
shown is average of test results of three specimens with a particular set of conditions. 
Figure 3. Relationship between bond Strength and tack coat application rate at
250C
(Kg/m2)
(K
g/m
2 )
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Table.2: Results of tests for interlayer bond strength at 250C
From the above table and figure it is observed that the maximum interface strength is
observed for both CRS-1 and CMS-2 tack coats, each at application rate of 0.25 Kg/m2.
This test result on optimum quantity of tack coat matches with that specified in MORTH
specifications. Under the given conditions of test, CRS-1 is found to offer more strength
then CMS-2, although the increase seems to be marginal. This might be due to the fact
that in case CMS, all the water particles might not have escaped and the emulsion might
not have set fully.   
4. CONCLUSIONS
A tack coat in form of bituminous emulsion is normally used between two bituminous
layers, so that the two layers act in unison to take the traffic loads. Failures have been
observed in the field because of deficiency of tack coat, either in form of quality or
quantity, or both. As there is no standard method to address this issue, an attempt has
been made in this study to develop a simple testing arrangement to be used in a
conventional Marshall test apparatus to determine directly the interlayer bond strength
between two layers. Specimens made of DBM in lower part and BC in upper part, have
also been prepared as per Marshall procedure with few exceptions. The following
conclusions are drawn from the results of the tests conducted at 250C.
• The optimum rate of application of emulsion as tack coat is found to be 0.25
Kg/m2 irrespective of the two types of emulsion tried.
• Cationic Rapid Setting emulsion CRS-1 offers higher bond strength compared
to Cationic Medium Setting emulsion CMS-2.
Hence, it may be recommended within the limited scope of study that before laying a
BC layer over DBM surface, CRS-1 emulsion applied at 0.25 Kg/m2 may be preferred. 
CMS-2 
0.2 4.38 
0.25 5.84 
0.3 5.49 
CRS-1 
0.2 4.7 
0.25 6.09 
0.3 5.87 
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